Finite volume method is employed to simulate water based nanofluid turbulent flow and entropy generation in a heat exchanger. In order to augment heat transfer rate, twisted tape turbulators insert inside the pipe. Second law analysis are presented for various values of height ratio (BR) and pitch ratio (PR) and Reynolds number (Re). Related formulas for entropy generation and Bejan number are provided. Results indicate that secondary flow increases with increasing number of revolution. Bejan number and total entropy generation augment with augment of pitch ratio. But they decreases with augment of Reynolds number and height ratio. 
Re
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Introduction
Recently, second law analysis and entropy generation minimization were considered by several scientists to obtain the optimal design of the thermal systems.
Techniques for improving thermal performance of heat exchanger are categorized as
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3 passive and active techniques. Hassan et al. [1] investigated particle shape influences on nanofluid heat transfer in existence of Lorentz forces. They used water and iron nanoparticles of three different shapes like sphere, oblate ellipsoid and prolate ellipsoid.
Raju et al. [2] demonstrated non-Newtonian nanofluid natural convection over a cone.
They considered magnetic field effect. They found that the non-uniform heat source/sink parameter is a major controlling parameter of the nanofluid flow and heat transfer rate. Sheikholeslami et al. [3] investigated CuO nanoparticles transportation in a heat exchanger equipped with helical turbulators. They found that temperature gradient enhances with decrease of pitch ratio. Ellahi et al. [4] investigated mixed convection flow of nanofluid on a vertical stretching porous plate. They presented the correlations of Nusselt number and skin friction corresponding to active parameters.
Mwesigye et al. [5] reported the influence of using twisted tape inserts on Bejan number. Sheikholeslami [6] reported the Nano-enhanced PCM solidification process by means of finite element method. He showed that dispersing nanoparticles in to pure PCM can accelerate the solidification.
Suri et al. [7] demonstrated the thermal analysis for a pipe with perforated twisted tapes turbulator. Their indicated that numerous perforated twist tape had better thermal performance. Mehmood et al. [8] demonstrated the migration of nanoparticles in ethylene glycol under the impact of electric field. They used the similarity transformations to reduce the equations in similar forms, then solved by Runge-Kutta scheme. Bhatti et al. [9] investigated entropy generation of ferrofluid in a microchannel. demonstrated the unsteady MHD natural convection flow of rotating Jeffrey nanofluid saturated in a porous medium. They found that, the rotation parameter tends to decrease the primary velocity but reverse effect is observed in the secondary velocity. Recently, nanofluid considered as interesting passive techniques .
In this paper, effect of twisted tape turbulator on nanofluid entropy generation in a heat exchanger is studied numerically using FVM. Roles of height ratio, Reynolds number, and pitch ratio on entropy generation of nanofluid have been depicted.
Physical model
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Geometry of turbolentor and sample mesh are shown in Figs. 1 and 2. Lengths, outer and inner diameters of the pipe are 900, 20 and 5 mm, respectively. We separate the length to three regions: inlet section, test section and outlet section. Twisted tape is situated in second section and two other sections are considered to prevent any probable back flow streams. Tables 1 and 2 illustrate properties of CuO and water.
Mathematical model
To simulate this article, the governing equations for turbulent flow and forced convection heat transfer of nanofluid are:
, k  can be predicted as:
ANSYS Fluent software selected as simulation tool. k-ε (RNG) model was chosen as turbulent model. 
Boundary conditions at z=0 and z=900 are:
In this paper, the hydraulic diameter, Re, Nu, and f can be defined as:
The entropy generation and Bejan number can be defined as [40] : 
Outputs should not depend on mesh size. [41] . Fig. 3 demonstrated correctness of this code.
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Results and discussion
CuO-water turbulent forced convection inside a pipe with turbulator is studied. 
Effects of Reynolds number, pitch ratio and height ratio on , , 
Conclusion
In this article, heat exchanger with twisted tape turbulators is simulated via 
Viscous model K-ɛ, RNG, Enhanced wall treatment
Solution methods
Pressure-velocity coupling SIMPLE
Gradient
Green-Gauss node based
Pressure Standard
Spatial Discretization
Momentum
Second order upwind
Turbulent kinetic energy Second order upwind
Turbulent dissipation rate Second order upwind
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Highlights Entropy generation for nanofluid turbulent flow is presented. FVM is selected for numerical approach. Bejan number enhance with augment of BR and PR Total entropy generation increases with augment of BR and PR
